CLAIMS 



l.^A multY-axial angular velocity sensor for detecting 
angular velocity components about respective coordinate 
axes in a three-dimensional coordinate system/ comprising: 

an oscillator \l30; 211; 241; 260; 321; 440; 550; 



610) having mass; 

a sensor casing -^1 
322, 330, 340; 450; 560; 
said oscillator therewithin 



[0; 220, 230; 270, 280, 290; 
630, 660) for accommodating 



connection means /(110\ 212; 252; 312; 410; 510; 
640, 650) for connecting the V>scillator to the sensor 
casing in a state having a degreeVof freedom such that the 
oscillator can move in respective coordinate axial directions; 

excitation means (E0 to Es\ F0 to F5; GO to G10; 
Dl to D16; Jl to J6) for oscillating the oscillator in the 
respective coordinate axial directions; \and 

displacement detecting means <E<a to E5, F0 to F5; 
GO to G10; Rxl to Rx4, Ryl to Ry4, Rzl td\Rz4; Dl to D16; 
Jl to J6) for detecting displacements inVhe respective 
coordinate axial directions of the oscillator 



2. A multi-axial angular velocity senior as set 

forth in claim 1, 

wherein there is further provided control means 

(740) for executing: 
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first detecting operation for giving an indication 
to the excitation means so as to oscillate the oscillator 



in a first coordinate \axial direction, and for giving an 
indication to the displacement detecting means so as to 



detect a displacement in a\ second coordinate axial direction 
of the oscillator, thus ti> determine an angular velocity 
component about a third coordinate axis on the basis of the 



detected displacement; 

a second detecting o] 
to the excitation means so 



ion for giving an indication 
!s ^o oscillate the oscillator 



in the second coordinate axial direction, and for giving an 
indication to the displacement detecting means so as to 
detect a displacement in the third coordinate axial direction 
of the oscillator, thus to determine an angular velocity 
component about the first coordinate\axis on the basis of 
the detected displacement; and 

a third detecting operation for giving an indication 
to the excitation means so as to oscillate the oscillator 
in the third coordinate axial direction, W for giving an 
indication to the displacement detect ing\me an s so as to 
detect a displacement in the first coordinate Wal direction 
of the oscillator, thus to determine an angular velocity 
component about the second coordinate axis on^e basis of 
the detected displacement. 
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3. A mWi-axial angular velocity sensor as set 

forth in claim 2, 

wherein ttie control means is caused to further 
execute a fourth detecting operation for giving an indication 
to the excitation meaXs so as not to oscillate the oscillator 



in any direction/ 



an> 



for giving an indication to the 



displacement detecting Vw s so as to detect displacements 

ell-coordinate axial directions of 
.ermine acceleration components 



in all the first to^fehi 



the oscillator, thus to 
exerted in respective coordinate axial directions on the 
basis of the detected displacements. 



4 . A multi-axial angulaA velocity sensor for detecting 
angular velocity components abW respective coordinate 
axes in a three-dimensional coordinate system, comprising: 

a flexible substrate (llo\ 210; 250; 313) having 

flexibility; 

a fixed substrate (120; 230; Nz90; 340) disposed so 
as to oppose the flexible substrate With a predetermined 
distance therebetween above the f lexibleNsubstrate; 

an oscillator (130; 211, 241; 2&0; 321) fixed on 
the lower surface of the flexible substrate 

a sensor casing (140; 220, 230; W 280, 290; 
322, 330, 340) for supporting the flexible Substrate and 
the fixed substrate and accommodating the\oscillator 
therewithin; 
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excitation nteans (EO to E5, FO to F5; GO to G10) 
for oscillating the \scillator in respective coordinate 
axial directions; and 

displacement defecting means (EO to E5, FO to F5; 
GO to G10) for detecting displacements in respective coordinate 
axial directions of the osiimllator* 



5. A multi-axial angular velocity sensor for detecting 
angular velocity components about respective coordinate 
axes in a three-dimensional coordinate system, comprising: 

a flexible substrate (HOV 250) having flexibility; 

a fixed substrate (120; \290) disposed so as to 
oppose the flexible substrate with a predetermined distance 
therebetween above the flexible substrate; 

an oscillator (130; .260) f ixeck^ on the lower surface 

of the flexible substrate; 

a sensor casing (140; 270, 280, ^290) for supporting 
the flexible substrate and the fix£ v d substrate and 
accommodating the oscillator therewithin; 

a plurality of lower electrodes (Fl to F5) 
provided on an upper surface of the flexible\ substrate ; 

a plurality of upper electrodes (El to E5; E0) 
provided on a lower surface of the fixed substrate and 
disposed at positions respectively opposite to tihe plurality 



of lower electrodes; 



means (711, 712) for applying an a 



signal 
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across a pair ok lower and upper electrodes opposite to 
each other to thereby oscillate the oscillator in respective 
coordinate axial directions; and 

\ * 

means (721/ Y722) for detecting an electrostatic 
capacitance between a\pair of lower and upper electrodes 
opposite to each other Vo thereby detect displacements in 
respective coordinate axia\ directions of the oscillator. 



6. A multi-axia 



angular velocity sensor as set 



forth in claim 5/ 



wherein an XYZ three-dimensional coordinate system 
such that an X-axis and a Y-axi\ intersect with each other 
on a plane in parallel to a principal surface of the 
flexible substrate is defined; and^ 

wherein a first lower electrode (Fl) and a first 

upper electrode (El) are disposed ik a positive region of 

\ 

the X-axis, a second lower electrode (F2) and a second 
upper electrode <E2) are disposed in a\ negative region of 
the X-axis, a third lower electrode (F3K and a. third upper 
electrode (E3) are disposed in a positive region of the 
Y-axis, a fourth lower electrode (F4) and\ a fourth upper 
electrode (E4) are disposed in a negativeV region of the 
Y-axis, and a fifth lower electrode (F5) and\a fifth upper 
electrode (E) are disposed at a position corresponding to 



an origin 
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7 . A if^ilti-axial angular velocity sensor as set 
forth in claim 6\ 

wherein there is further provided control means 

(740) for executing^ 

a first detecting operation for applying an a.c. 
signal across the fifOh lower electrode (F5) and the fifth 
upper electrode (E5) anJa detect ing f with the oscillator 
being oscillated in tlMAz-axis direction, a difference 
between an electrost^Acfticapacitance between the third 
lower electrode (F3) and the third upper electrode (E3) and 
an electrostatic capacitance between the fourth lower 
electrode (F4) and the^o^th\ upper electrode (E4) , thus to 
detect an angular velocity component (cox) about the X-axis 
on the basis of said difference) 

a second detecting operation for applying two a.c 
signals having phases opposite tto each other across the 
first lower electrode (Fl) and th& first upper electrode 
(El) and across the second lower Electrode (F2) and the 
second upper electrode (E2) , respectively, and detecting/ 
with the oscillator being oscillated in the X-axis direction, 
an electrostatic capacitance between the fifth lower electrode 
(F5) and the fifth upper electrode (E5),\thus to detect an 
angular velocity component (coy) about th^ Y-axis on the 
basis of said electrostatic capacitance; am 

a third detecting operation for applying two a.c 
signals having phases opposite to each oth^r across the 
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third lower electrode (F3) and the third upper electrode 
(E3) and acrossXthe fourth lower electrode <F4) and the 
fourth upper elecVrode (E4) , respectively, and detecting, 
with the oscillator being oscillated in the Y-axis direction, 
a difference betweenYan electrostatic capacitance between 
the first lower electrode (Fl) and the first upper electrode 
(El) and an electrostat&£\ capacitance between the second 
lower electrode <F2) andj^e second upper electrode <E2), 
thus to detect an angular Njvelocity component (coz) about 
the Z- axis on the basis of said difference. 



8 * A multi-axial angular velocity sensor as set 

forth in claim 6, 

wherein one party of the\plural lower electrodes 

\ 

and the plural upper electrodes is constituted by a single 
electrode layer (EO) . 




9 . A multi-axial angular velocity sensor as set 

forth in claim 8, 

wherein one of the flexible substrate and the 

\ . 

fixed substrate is constituted by conductive material, and 

\ 

the conductive substrate thus constituted itself, is used as 
a single electrode layer. 




10. A multi-axial angular velocity sensor as set 
forth in claim 5, 
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wherein\an XYZ three-dimensional coordinate system 
such that an X-axite and a Y-axis intersect with each other 
on a plane in parallel to a principal surface of the 
flexible substrate iA defined; and 

wherein a firfet lower electrode (Gl) and a first 
upper electrode (G6) kre disposed in a first quadrant 
region with respect to\ tkfe XY plane, a second lower 
electrode (G2) and a^-^J^o^d upper electrode (G7) are 
disposed in a second quadrant region with respect to the XY 
plane, a third lower electrode (G3) and a third upper 
electrode (G8) are disposed in V third quadrant region with 
respect to the XY plane, a fourth lower electrode (G4) and 
a fourth upper electrode (G9) are disposed in a fourth 
quadrant region with respect to tn,e XY plane, and a fifth 
lower electrode (G5) and a fifth upfeer electrode (G10) are 
disposed at a position corresponding to an origin • 

11 . A multi-axial angular velocity sensor as set 

forth in claim 10, \ 

wherein there is further provided control means 

(740) for executing: \ 

a first detecting operation for applying an a.c. 
signal across the fifth lower electrode (G5) \and the fifth 
upper electrode (G10) , and detecting a displacement in the 
Y-axis direction with, the oscillator being oscillated in 
the Z-axis direction, thus to detect an angular velocity 
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component (cox) ab<5\it the X-axis on the basis of said 
displacement ; 

a second detecting operation for applying a first 
a.c. signal across the first lower electrode (Gl) and the 
first upper electrode (g6) and across the fourth lower 
electrode (G4) and the fourth upper electrode (G9) , applying 
a second a.c. signal havinA a\>hase opposite to that of the 
first a.c. signal across fe%e teecond lower electrode (G2) 



and the second upper elef 



(G7) and across the third 



lower electrode (G3) and the\ third upper electrode (G8) , 
and detecting a displacement iA the Z-axis direction of . the 
oscillator with the oscillatoY being oscillated in the 
X-axis direction, thus to detect ah angular velocity component 
(coy) about the Y-axis on the basis of said displacement; 



and 



a third detecting operation for applying a first 
a.c. signal across the first lower\electrode (Gl) and the 
first upper electrode (G6) and acAoss the second lower 

electrode (G2) and the second upper elfectrode (G7) , applying 

V 

a second a.c signal having a phase opttpsite to that of the 
first a.c signal across the third lowest electrode (G3) and 
the third upper electrode (G8) and acroJss the fourth lower 
electrode (G4) and the fourth upper eltectrode (G9) / and 
detecting a displacement in the X-axis \direction of the 
oscillator with the oscillator being oscillated in the 
Y-axis direction, thus to detect an angular velocity component 
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(0>z) about the Z-axis on the basis of said displacement. 



12. A multi-axial angular velocity sensor as set 
forth in claim 10, 

wherein one party of the plural lower electrodes 
and the plural upper electrodes is constituted by a single 
electrode layer (GO) . 




13. A multi-a^i^r^pgular velocity sensor as set 

forth in claim 12, 

wherein one /of the 1 flexible substrate and the 
fixed substrate is constituted by conductive material, and 
the conductive substrate thus\constituted itself is used as 
a single electrode layer. 

\ 

14. A multi-axial angular velocity sensor for 
detecting angular velocity components about respective 
coordinate axes in a three-dimensional coordinate system, 
comprising: 

a flexible substrate (313) \having flexibility; 

a fixed substrate (340) disposed so as to oppose 
the flexible substrate with a predetermined distance 
therebetween above the flexible substrate; 

an oscillator (321) fixed on\the lower surface of 

the flexible substrate; 

a sensor casing (322, 330, 340^) for supporting the 
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10 
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flexible substrate and the fixed substrate and accommodating 
the oscillator therewithin; 

a plurality of lower electrodes (Fl to F5) provided 

\ * 

on an upper surface o£ the flexible substrate; 

a plurality oA upper electrodes (E0) provided on a 
lower surface of the \ fixed substrate and disposed at 
positions respectively opposite to the plurality of lower 



electrodes; 



a plural ity--o£/_p_ 
Rx4, Ryl to Ry4, Rzl to Rz4) 



of the flexible substnate 



resistance elements (Rxl to 
provided on the upper surface 



means (711, 712) for applying an a.c. signal 
across a pair of lower and upper electrodes opposite to 
each other to thereby oscillate the oscillator in respective 
coordinate axial directions; an* 

means (350, 361, 362, ^63) for detecting a change 
of a resistance value of said piezo resistance elements to 
thereby detect displacements in respective coordinate axial 
directions of the oscillator. 



20 



25 



15. A multi-axial angular Velocity sensor as set 



forth in claim 14, 



wherein an XYZ three-dimensional coordinate system 
such that an X-axis and a Y-axis intersect with each other 
on a plane in parallel to a principal surface of the 
flexible substrate is defined; and 
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wherein a first lower electrode (Fl) and a first 
upper electrode (El) are disposed in a positive region of 
the X-axis, a second lower electrode (F2) and a second 

\ * 
\ * 

upper electrode <E2) are disposed in a negative region of 
the X-axis, a third lowen electrode (F3) and a third upper 
electrode (E3) are disposecL in a positive region of the 
Y-axis, a fourth lower electrode (F4) and a fourth upper 



electrode (E4 ) are dispose* 



a negative region of the 



Y-axis, a fifth lower^el^ctr ode (F5) and a fifth upper 



electrode <E5) are disposed a 



.1 



a position corresponding to 



an origin, a first set fof piezo resistance elements (Rxl to 
Rx4) are disposed along the X-axis, a second set of piezo 
resistance elements (Ryl to Ry4) are disposed along the 
Y-axis, and a third set of piezo\ resistance elements (Rzl 
to Rz4) are disposed along an arbitrary one axis on the XY 
plane . 



16. A multi-a : xial angular velocity sensor as set 



forth in claim 15, 

whrerin there is further provided control means 
(740) for executing: 

a first detecting operation for\ applying an a.c. 
signal across the fifth lower electrode (F\5) and the fifth 
upper electrode <E5) and detecting changes of resistance 
values of the* second set of piezo resistance elements (Ryl 
to Ry4) with the oscillator being oscillated\in the Z-axis 
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direction, thus to detect an angular velocity component 
(0>x) about the X-axis\on the basis of said changes of the 

resistance values; 

a second detecting operation for applying two a.c 
signals having phases opposite to each other across the 
first lower electrode (Flrt and the first upper electrode 
(El) and across the second lower electrode (F2) and the 
second upper electrode (B2L respectively, and detecting 
changes of resistance vaijU^s-\of the third set of piezo 
resistance elements (Rzl xfo r\\) with the oscillator being 
oscillated in the X-a^pL_d^rfT|ction, thus to detect an 
angular velocity component (coy\ about the Y-axis on the 
basis of the changes of said resistance values; and 

a third detecting operation for applying two a.c. 
signals having phases opposite to\ each other across the 
third lower electrode <F3) and the\ third upper electrode 
(E3) and across the fourth lower electrode <F4) and the 
fourth upper electrode (E4), respectively, and detecting 
changes of resistance values of the\first set of piezo 
resistance elements (Rxl to Rx4) with the oscillator being 
oscillated in the Y-axis direction, tWis to detect an 
angular velocity component <<oz) about the Z-axis on the 
basis of said changes of the resistance values. 

17. A multi-axial angular velocity^ sensor as set 
forth in claim 15, 
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wherein one parky of the plural lower electrodes 
and the plural upper electrodes is constituted by a single 
electrode layer (EO) . 



18, A multi-axial Angular velocity sensor as set 
forth in claim 17, 

wherein one of the \ flexible substrate and the 
fixed substrate is constituted /by conductive material, and 
the conductive substrate thus jcpnVtituted itself is used as 
a single electrode layer. 



19. A multi-axial £ngulcuc\ velocity sensor as set 
forth in claim 14, 

wherein an XYZ three-dimensional coordinate system 
such that an X-axis and a Y-axis intersect with each other 
on a plane in parallel to a prii^pipal surface of the 
flexible substrate is defined; and 

wherein a first lower electrbde (Gl) and a first 
upper electrode (G6) are disposed d)n a first quadrant 
region with respect to the XY planW, a second lower 
electrode <G2) and a second upper electrode (G7) are 
disposed in a second quadrant region witn^ respect to the XY 
plane, a third lower electrode (G3) and a third upper 
electrode (G8) are disposed in a third quadrant region with 
respect to the XY plane, a fourth lower electrode (G4) and 



a fourth upper electrode (G9) are dispo 
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sed in a fourth 



\ 

quadrant with respect to the XY plane, a fifth lower 
electrode (G5) and a\ fifth upper electrode (G10) are 
disposed at a position corresponding to an origin, a first 
set of piezo resistance elements (Rxl to Rx4) are disposed 
along the X-axis, a second\sets of piezo resistance elements 
(Ryl to Ry4) are disposed along the Y-axis, and a third set 
of piezo resistance elements (Rzl to Rz4) are disposed 
along an arbitrary one axis* op^the XY plane. 




20 . A multi-axia^Lang^iJ^aa: velocity sensor as set 

forth in claim 19, 

wherein there /is further provided control means 

(740) for executing: 

a first detecting operation for applying an a.c. 
signal across the fifth lower electrode (G5) and the fifth 
upper electrode (G10) and detecting changes of resistance 

values of the second set of piezo resistance elements (Ryl 

\ 

to Ry4) with the oscillator being oscillated in the Z-axis 

\ 

direction, thus to detect an angular^ velocity component 
(cox) about the X-axis on the basis\ of said changes of 

resistance values; 

a second detecting operation for applying a first 
a.c. signal across the first lower electrode (Gl) and the 
first upper electrode (G6) and across\the fourth lower 
electrode (G4) and the fourth upper electrode (G9) , applying 
a second a.c. signal having a phase opposite to that of the 
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first a.c. signal across the second lower electrode (G2) 
and the second upper electrode (G7) and across the third 
lower electrode (G3) and the third upper electrode (G8) , 
and detecting changes of Vesistance values of the third set 
of piezo resistance elements (Rzl to Rz4) with the oscillator 
being oscillated in the X-axis direction, thus to detect an 
angular velocity component 1 (coy) about the Y-axis on the 
basis of said changes of resistance values; and 

a third detecting/ operation for applying a first 
a.c. signal across the f ifcst ijLoWer electrode (Gl) and the 
first upper electrode (g6) and| across the second lower 
electrode (G2) and the sefcond upper electrode (G7) , applying 
a second a.c. signal having a pha^e opposite to that of the 
first a.c. signal across the third\ lower electrode (G3) and 
the third upper electrode (G8) and\ across the fourth lower 
electrode (G4) and the fourth upper electrode (G9) , and 
detecting changes of resistance values of the first set of 
piezo resistance elements (Rxl to Rx4\ with the oscillator 
being oscillated in the Y-axis direction, thus to detect an 
angular velocity component (coz) about \ the Z-axis on the 
basis of said changes of resistance valuers. 



21. A multi-axial angular velocity sensor as set 

forth in claim 19, 

wherein one party of the plural loWer electrodes 
and the plural upper electrodes is constituted by a single 
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electrode layer (EO) 



22. A\ multi-axial angular velocity sensor as set 
forth in claim 21, 

wherein\one of the flexible substrate and the 
fixed substrate is constituted by conductive material, and 
the conductive substrate/thus constituted itself is used as 
a single electrode 1 



23. A mu 



detecting angular ve 



coordinate axes in a 



comprising 




angular velocity sensor for 
components about respective 



e-dimensional coordinate system, 



a flexible substrate (410) having flexibility; 

a fixed substrate (^20) disposed so as to oppose 
the flexible substrate with a predetermined distance 
therebetween above the flexible\ substrate; 

an oscillator (440) fix^d on the lower surface of 

the flexible substrate; 

a sensor casing (450) f on supporting the flexible 
substrate and the fixed substrate and accommodating the 
oscillator therewithin; 

a plurality of lower electrodes (Fl to F5, F0) 
provided on an upper surface of the flexible substrate; 

a plurality of upper elect rode A (El to E5) provided 
on a lower surface of the fixed substrate and disposed at 
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positions respectively opposite to the plurality of lower 
electrodes; 

a piezoelectric element (430) disposed between the 
lower electrodes and t^ie upper electrodes; 

means (711, 712) for applying an.a.c. signal 
across a pair of lower\and upper electrodes opposite to 
each other to thereby oscillate the oscillator in respective 
coordinate axial directions; \and 

means (721, 722lf/ f or\detecting a potential produced 
across a pair of lowe# and v uPP er electrodes opposite to 
each other, thus to /detect displacements in respective 
coordinate axial directions of the oscillator. 



24. A multi-axial angula^ velocity sensor as set 

forth in claim 23, 

wherein an XYZ three-dimensional coordinate system 
such that an X-axis* and a Y-axis intersect with each other 
on a plane in parallel to a principal surface of the 
flexible substrate is defined; and 

wherein a first lower electrode (Fl) and a first 
upper electrode (El) are disposed in a positive region of 
the X-axis, a second lower electrode (F^) and a second 
upper electrode (E2) are disposed in a negative region of 
the X-axis, a third lower electrode (F3) and^a third upper 
electrode (E3) are disposed in a positive region of the 
Y-axis, a fourth lower electrode (F4) and a fourth upper 

163 



\ 

electrode (E4) are\ disposed in a negative region of the 
Y-axis, and a fifth \lower electrode (F5) and a fifth upper 



\ 
\ 



electrode (E5) are disposed at a position corresponding to 



\ 



an origin . ^ 



25 . A multi-axial angular velocity sensor as set 
forth in claim 24, \ / j 

wherein. the piezoelectric element is composed of a 
first portion interposed bit A ween\ the first lower electrode 
(Fl) and the first ^vlpperJ^ (El), a second portion 

interposed between the secjond i^wer electrode (F2) and the 
second upper electrode ^E2) , a\ third portion interposed 
between the third lower ilectrode\ <F3) and the third upper 
electrode (E3) , a fourth portion VLnterposed between the 
fourth lower electrode (F4) and the \fourth upper electrode 
(E4) , and a fifth portion interposed between the fifth 
lower electrode (F5) and the fifth upper electrode (E5) , a 
polarization characteristic with respW to the first, 
third and fifth portions and a polarization characteristic 
with respect to the second and fourth portions being caused 
to be opposite to each other. 



26. A multi-axial angular velocity ^ensor as set 

forth in claim 24, 

wherein a plurality of physically divided 

piezoelectric elements are used. 
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27 . A multi-a^ial angular velocity sensor as set 

forth in claim 24, 

wherein there i^ further provided control means 

(740) for executing: 

a first detecting ^operation for applying an a.c 

signal across the fifth lowe\r electrode (F5) and the fifth 

upper electrode <E5) and detecting, with the oscillator 

being oscillated in the Z-aVcis direction, a sura of a 

voltage produced across the/^lUrd lower electrode <F3) and 



the third upper electrodfe ( 



and a voltage produced 



between the fourth low^bTeleitirode <F4) and the fourth 
upper electrode <E4) , tflus to \detect an angular velocity 



component (cox) about rhfe X-axis on \ the basis of said sum; 

a second detecting operation for respectively 
applying a.c. signals across the firsV lower electrode (Fl) 
and the first upper electrode (El) aW across the second 
lower electrode (F2) and the second tipper electrode (E2) 
and detecting, with the oscillator beinW oscillated in the 
X-axis direction, a voltage produced across the fifth lower 
electrode <F5) and the fifth upper electAde (E5) , thus to 
detect an angular velocity component (coy) ^out the Y-axis 
on the basis of said voltage produced; and 

a third detecting operation for respectively applying 
a.c. signals -across the third lower electrode\(F3) and the 
third upper electrode (E3) and across the fourth lower 
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electrode (F4) and Y ne fourth upper electrode (E4) and 
detecting, with the toscillator being oscillated in the 
Y-axis direction, a sk of a voltage produced across the 
first lower electrode \(F1) and the first upper electrode 
(El) and a voltage produced across the second lower electrode 
(F2) and the second upper\ electrode (E2) , thus to detect an 
angular velocity component (coz) about the Z-axis on the 
basis of said sum. 



ular velocity sensor as set 



28. A multic iaxi 

forth in claim 24, 

wherein one partjy of \\he plural lower electrodes 
and the plural upper. ele'ctrode\is constituted by a single 
electrode layer (FO) . 



29. A multi-axial angulaA velocity sensor as set 



forth in claim 28, 



wherein one of the flexible substrate and the 
fixed substrate is constituted by conductive material, and 
the conductive substrate (480) thus constituted itself is 
used as a single electrode layer (FO) . 



30. A multi-axial angular velocity sensor for 
detecting angular velocity components about respective 
coordinate axes in a three-dimensional coordinate system, 



comprising: 
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a piezoelectric element (520) in a plate form; 

a plurality of upper electrodes (LI to L16) provided 
on an upper surface of\ the piezoelectric element; 

a plurality of Yower electrodes (Ml to M16)' provided 
on a lower surface of thA piezoelectric element and disposed 
at positions respective^ opposite to the plurality of 

upper electrodes; 

a flexible substrAt^/N(510) fixed on a lower surface 
of the lower electrode and Maying flexibility; 



an oscillator (55/0) 



the flexible substrate; 



"xed on a lower surface of 



a sensor casing ff(560) far supporting the flexible 
substrate and accommodating the oscillator therewithin; 



means 



(711, 712) for applying an a.c. signal 



across a pair of lower and upper Electrodes opposite to 
each other to thereby oscillate the oscillator in respective 
coordinate axial directions; and 

means (721, 722) for detecting ^potential produced 
across a pair of lower and upper electrodes opposite to 
each other, thus to detect displacements in respective 
coordinate axial directions of the oscillator. 



31. A multi-axial angular velocity sensor as set 



forth in claim 30, 



wherein an XYZ three-dimensional coordinate system 
such that an X-axis and a Y-axis intersect with\each other 
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on a plane in parallel to a principal surface of the 
flexible substrata is defined, and an arbitrary W-axis 
intersecting, at an\ origin of the coordinate system, with 

\ * 

the X-axis and the Y-axis is defined on the XY plane; 

wherein first\and second upper electrodes (LI, L2) 
of the plurality of upper electrodes are provided at a 
position such that a projected image onto the XY plane is 
located at a negative potion of the X-axis, and third and 
fourth upper electrodes (jD3, L4) of the plurality of upper 



electrodes are provided a 
image onto the XY plane i 



tosition such that a projected 
located at a positive portion of 



the X-axis; 

wherein fifth anb/ sixMi upper electrodes (L5, L6) 
of the plurality of upper electrodes are provided at a 
position such that a projected Wage onto the XY plane is 
located at a negative portion of\ the Y-axis, and seventh 
and eighth upper electrodes (L7, Vb) of the plurality of 
upper electrodes are provided at b position such that a 
projected image onto the XY plane i^ located at a positive 

portion of the Y-axis; 

wherein ninth and tenth upper\ electrodes (L9, L10) 
of the plurality of upper electrode^ are provided at a 
position such that a projected image ohto the XY plane is 
located at a negative portion of the wAaxis, and eleventh 
and twelfth upper electrodes (Lll, L12) if the plurality of 
upper electrodes are provided at a position such that a 
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projected image ont® the XY plane is located at a positive 
portion of the W-axisy and 

wherein the Second, third, sixth, seventh, tenth 

\ 9 

and eleventh upper electrodes are provided at a position 
close to the origin relative to the first, fourth, fifth, 
eighth, ninth and twelftm upper electrodes. 



32. A multi-axia!. Wigular velocity sensor as set 



forth in claim 31, 



wherein the pie 



eleqtric element is composed of 



a first portion interposed! between the first upper electrode 
(LI) and the first lower / electVoKie (Ml), a second portion 
interposed between the second upper electrode (L2) and the 
second lower electrode (M2) , a\ third portion interposed 
between the third upper elect rode\ (L3) and the third lower 
electrode (M3) , a fourth portiom interposed between the 
fourth upper electrode (L4) and the fourth lower electrode 
(M4) , a fifth portion interposed between the fifth upper 
electrode (L5) and the fifth lower electrode (M5) , a sixth 
portion interposed between the sixth \upper electrode (L6) 
and the sixth lower electrode (M6) A a seventh portion 
interposed between the seventh upper electrode (L7) and the 
seventh lower electrode (M7) , an eighth too rt ion interposed 
between the eighth upper electrode (L8U and the eighth 
lower electrode (M8) , a ninth portion interposed between 
the ninth upper electrode (L9) and the ninth lower electrode 
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(M9) , a tenth portion interposed between the tenth upper 
electrode (L10) and the tenth lower electrode (M10) , an 
eleventh portion internposed between the eleventh upper 
electrode (Lll) and the Eleventh lower electrode (Mil) , and 
a twelfth portion interposed between the twelfth upper 
electrode (L12) and the twfelfth lower electrode (M12) , the 
polarization characteristic with respect to the first/ 
third, fifth, seventh, nintm and twelfth portions and the 
polarization characteristic \wYth respect to the second, 
fourth, sixth, eighth, tenth \ahd eleventh portions being 



caused to be opposite to ea 



ctt otrier . 



33. A multi-axial angular velocity sensor as set 



forth in claim 31/ 



wherein a plurality of physically divided 
piezoelectric elements are used. 



34. A multi-axial angular velocity sensor as set 



forth in claim 31, 



wherein there is further provided control means 



(740) for executing: 

a first detecting operation for\ applying an a.c 
signal across the ninth upper electrode (\L9) and the ninth 
lower electrode (M9) , across the tenth\ upper electrode 
(L10) and the tenth lower electrode (M10) , across the 
eleventh upper electrode (Lll) and the \ eleventh lower 

170 



electrode (Mll\, and across the twelfth upper electrode 
(L12) and the twelfth lower electrode (M12) and detecting, 
with the oscillatoV being oscillated in the Z-axis direction, 

\ * 

a potential produced across the fifth upper electrode (L5) 
and the fifth lower\ electrode (M5) , a potential produced 
across the sixth upper electrode (L6) and the sixth lower 
electrode (M6) , a potential produced across the seventh 
upper electrode (L7) arid the seventh lower electrode (M7 ) , 
and a potential produced across the eighth upper electrode 



(L8) and the eighth lowdr 



sctrode (M8) , thus to detect an 



angular velocity componfentii (cb^x) about the X-axis on the 
basis of said respective \pot\antSJals produced; 



a second detection* 



aeration for applying an a.c. 



signal across the first vUper Welftrode (LI) and the first 
lower electrode (Ml), across the second upper electrode 
(L2) and the second lower electrbde (M2), across the third 
upper electrode (L3) and the thiW lower electrode (M3) , 
and across the fourth upper electrode (L4) and the fourth 
lower electrode (M4) and detecting, with the oscillator 
being oscillated in the X-axis direction/ a potential 
produced across the ninth upper electrode (L9) and the 
ninth lower electrode (M9) , a potential produced across the 
tenth upper electrode (L10) and the tekh lower electrode 

(M10) , a potential produced across the eleventh upper 
electrode (Lll) and the eleventh lower elfectrode (Mil) / and 

a potential produced across the twelfth\ upper electrode 
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(L12) and the twelfth lower electrode (M12) , thus to detect 
an angular velocity component (coy) about the Y-axis on the 
basis of said respective potentials produced; and 

a third defecting operation for applying an a.c. 
signal across the firth upper electrode (L5) and the fifth 
lower electrode (M5) , \across the sixth upper electrode (L6) 
and the sixth lower electrode (M6) , across the seventh 
upper electrode (L7) and the seventh lower electrode (M7) , 
and across the eighth upper electrode (L8) and the eighth 
lower electrode (M8) andYdetecting, with the oscillator 
being oscillated in the/ Y-axis direction, a potential 
produced across the f itfst ^Aper electrode (LI) and the 
first lower electrode (Ml/) ,* a\p^tential produced across the 
second upper electrode j?L2) axvd the second lower electrode 
(M2), a potential produced across the third upper electrode 
(L3) and the third lower electrode (M3) , and a potential 
produced across the fourth upper electrode (L4) and the 
fourth lower electrode (M4) , thus to detect an angular 
velocity component (coz) about the\z-axis on the basis of 
said respective potentials produced. \ 

35 . A multi-axial angular velocity sensor as set 

forth in claim 31, \ 

wherein one party of the pluraY lower electrodes 
and the plural upper electrodes is constituted by a single 
electrode layer (MO) . \ 
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36. A multi-axial angular velocity sensor as set 



forth in claim 35, 



37 • A multi-ax 
detecting angular velo 
coordinate axes in a th 
comprising: 

an oscillator (6 




wherein one of the flexible substrate and the 
fixed substrate is constituted by conductive material, and 
the conductive substrate (570) thus constituted itself is 
used as a single electrode layer (MO) . 



gular velocity sensor for 



mponents about respective 



sional coordinate system, 



comprised of magnetic material, 



which is disposed at an origin position of the coordinate 



system, 



a sensor casing (620, 630\ for accommodating the 



oscillator therewithin; 

connection means (640, 650)\ for connecting the 
oscillator to the sensor casing in a state having a degree 
of freedom such that the oscillator can\move in respective 
coordinate axial directions; 

a first coil pair (Jl, J2) attacked to the sensor 
casing at positive and negative positions of a first 
coordinate axis of the coordinate system; 

a second coil pair (J3, J4) attached to the sensor 
casing at positive and negative positions^ of a second 
coordinate axis of the coordinate system; 
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a third\coil pair (J5, J6) attached to the sensor 
casing at positive and negative positions , of a third 
coordinate axis of Vhe coordinate system; 

excitatioA means (711, b 712) for delivering an 
a.c. signal to the respective coil pairs to thereby oscillate 
the oscillator in respective coordinate axial directions; 



and 



displacement detecting means (721, 722) for detecting 



displacements in the resAeodive coordinate axial directions 
of the oscillator on the\baBis\of changes in impedance of 



the respective coil pairs 



38, A multi-axial Vaiigular velocity sensor as set 



forth in claim 37, 



wherein there is further\ provided control means 

(740) for executing: 

first detecting operation fW delivering an a.c. 
signal to the first coil pair and detecting a change of 
impedance of the second coil pair with the oscillator being 
oscillated in the first axial direction A thus to detect an 
angular velocity component about the tr^ird axis on the 
basis of said change of impedance; 

second detecting operation for delivering an a.c. 
signal to the second coil pair and detecting a change of 
impedance of the third coil pair with the oscillator being 
oscillated in the third axial direction, thus to detect an 
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angular velocity ^component about the first axis on the 
basis of said change of impedance; and 

third detecting operation for delivering an a.c. 
signal to the third \coil pair and detecting a change of 
impedance of the f irst\ coil pair with the oscillator being 



oscillated in the third a> 



ial direction,, thus to detect an 



angular velocity comporient about the second axis on the 



basis of said change of ii 



►eflance 



39. A multi-axial 
detecting angular velocity 



angi 



■r velocity sensor for 



ompopents about at least two 



coordinate axes in a thrdW-dataensNLonal coordinate system, 



comprising 



an 



oscillator (130; 2l\; 241; 260; 321; 440; 550; 



610) having mass; 

a sensor casing (140; 2^0, 230; 270, 280, 290; 
322, 330, 340; 450; 560; 620, 630,\ 660) for accommodating 
said oscillator therewithin; 

connection means (110; 212k 252; 312; 410; 510; 
640, 650) for connecting the oscillator to the sensor 
casing in a state having a degree of freedom such that the 
oscillator can move in respective coordinate axial .: direct ions; 

excitation means (E0 to E5, Fo\to F5; GO to G10; 
Dl to D16; Jl to J6) for oscillating th^ oscillator in at 
least two coordinate axial directions; an< 

displacement detecting means (E0 Vo E5, F0 to F5; 
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GO to G10; Rxl t\o Rx4; Ryl to Ry4, Rzl to Rz4; Dl to D16; 



Jl to J6) for detecting displacements in at least t 



coordinate axial 



ections of the oscillator. 



40 . A multi-Vxial angular velocity sensor as set 



forth in claim 39, 



(740) for executing: 



first detecting o 
to the excitation means s 



in a first coordinate ax 
indication to the displ 



detect a displacement in 



of the oscillator, thus to 




wo 



wherein there Vs further provided control means 



on for giving an indication 



oscillate the oscillator 
ction, and for giving an 



etecting means so as to 



d coordinate axial direction 



rmine an angular velocity 



component about a third coordinate axis on the basis of the 
detected displacement; and 

second detecting operatiom for giving an indication 
to the excitation means so as to oscillate the oscillator 
in the second coordinate axial direction, and for giving an 
indication to the displacement detecting means so as to 
detect a displacement in the third coordinate axial direction 
of the oscillator, thus to determine Wi angular velocity 
component about the first coordinate axis on the basis of 



the detected displacement . 
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41. A multi-axial angular velocity sensor for 
detecting angular velocity components about two coordinate 
axes (Y, Z) in a three-dimensional coordinate system, 



comprisxng: 



an oscillator (130; 211; 241; 260; 321; 440; 550; 



610) having mass; 



a sensor casirig (140; 220, 230; 270, 280, 290; 
322, 330, 340; 450; 560A 620, 630, 660) for accommodating 



said oscillator therewithin; 



connection means 



640, 650) for connecti 



casing in a state having 
oscillator can move in 
Z) directions; 




212; 252; 312; 410; 510; 



cillator to the sensor 
of freedom such that the 
coordinate axial (X, Y, 



excitation means (E0 no E2, F0 to F2; GO to G4, G6 
to G9; Dl to D4; Jl, J2) for oscillating the oscillator in 
a first coordinate axial (X) direction; and 

displacement detecting means (E0, E3 to E5, F0, F3 
to F5; GO to G10; Ryl to Ryl, Rzl\ to Rzl; D5 to D16; J3 to 
J6) for detecting displacements \in a second coordinate 
axial (Y) direction and in a thirfci coordinate axial (Z) 
direction of the oscillator; 

to detect an angular velocity component about the 
third coordinate axis (Z) on the basis\of a displacement in 
the second coordinate axial (Y) direction detected by tbe 
displacement detecting means; and 
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to detect an angular velocity component about the 
second coordinate axis (Y) on the basis of a displacement 
in the third coordinate axial (Z) direction detected by the 
displacement detecting means. 

42. A multi-axial angular velocity sensor for 
detecting angular velocitA components about two coordinate 
axes <X, Y) in a three-crdjfi&nsional coordinate system, 
comprising: / /\ \ 

an oscillator dfQ; \lAp241; 260; 321; 440; 550; 
610) having mass; 77 \ \ 

a sensor casing/ (140;\ 2£0, 230; 270, 280, 290; 
322, 330, 3*40; 450; 560; 620, 630, 660) for accommodating 
said oscillator therewithin; \ 

connection means (110; 212; 252; 312; 410; 510; 
640, 650) for connecting the oscillator to the sensor 
casing in a state having a degree, of freedom such that the 
oscillator can move in respective coordinate axial (X, Y, 
Z) directions; \ 

excitation means (E0 to E4, FQ to F4; GO to G4, G6 
to G9; Dl to D8; Jl to J4) for oscillating the oscillator 
in a first coordinate axial (X) direction and in a second 
coordinate axial (Y) direction; and \ 

displacement detecting means (EQ, E5, F0, F5; GO, 
G5, G10; Rzl to Rzl; D9 to D16; J5, J6)\ for detecting a 
displacement in a third coordinate axial \<Z) direction of 



the oscillatory 

to det&ct an angular velocity component about the 
second coordinate axis (Y) on the basis of a displacement 
in the third coordinate axial (Z) direction detected by the 
displacement detecting means when the oscillator is 
oscillating in the\ first coordinate axial (X) direction; 
and \ 

to detect an angular velocity component about the 
first coordinate axis\ (>J#\ on the basis of a displacement in 
the third coordinate Wxial (Z) direction detected by the 
displacement det^rb*flrg^rbeans when the oscillator is 
oscillating in the secoAd coordinate axial (Y) direction. 

... . - A ..... ... 

detecting angular velocity components about respective 
coordinate axes (X, Y, Z) dm a three-dimensional coordinate 
system, comprising : \ 

an oscillator (130;\211; 241; 260; 321; 440; 550; 
610) having mass; \ 

a sensor casing (14©; 220, 230; 270, 280, 290; 
322, 330, 340; 450; 560; 620,^630, 660) for accommodating 
said oscillator therewithin; \ 

connection means (110;\ 212; 252; 312; 410; 510; 
640, 650) for connecting the oscillator to the sensor 
casing in a state having a degree of freedom such that the 
oscillator can move in respective coordinate axial directions; 
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excitatioh means (EO to E4, FO to F4; GO to G4, G6 



to G9; Dl to D8; 



to J4) for oscillating the oscillator 



axial (Z) direction of th 

to detect an^anau!. 
third coordinate axis (Z) 
the second coordinate axi 
displacement detecting 




in a first coordinate axial (X) direction and in a second 
coordinate axial (Y) ^direction; and 

displacement ^detecting means (EO, E3 to E5, FO, F3 
to F5; GO to G10; Ryl to Ryl, Rzl to Rzl; D5 to D16; J3 to 
J6) for detecting a displacement in the second coordinate 
axial (Y) direction and s\ displacement in a third coordinate 



ci 11 at or; 



locity component about the 
basis of a displacement in 
direction detected by the 
when the oscillator is 



oscillating in the first coordinate axial (X) direction, 

to detect an angular velocity component about the 
second coordinate axis (Y) on tVie basis of a displacement 
in the third coordinate axial (Z)\ direction detected by the 
displacement detecting means When the oscillator is 
oscillating in the first coordinate axial (X) direction, 
and 

to detect an angular velocity component about the 
first coordinate axis (X) on the basis of a displacement in 
the third coordinate axial (Z) direction detected by the 
displacement detecting means when! the oscillator is 



oscillating in the second coordinate akial (Y) direction 
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